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Abstract   Practical use level has the ceramic bearing which is superior in a high temperature characteristic, and it is 
important to demand the rating lift of the ceramic bearing under various conditions. On the other hand, the 
staircase method is one of the statistical life test methods, and sample number a fewer than a conventional test 
method  and the practice for the short time are possible. In a report of the application of this staircase 
method, we discussed the rating lift of the ceramic bearings in the unlubricated conditions with a 
high-temperature in the atmospheric air.  
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i) Probability in staircase method 
Fig.2 Expected value ߤƸ  and ߪො with n=24 
Fig.1 Estimation of ߤƸ  and ߪො by staircase method  
 
ii) Calculation procedure in the sample size 
i) Estimated mean            ii) Estimated standard deviation 
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Thrust roll bearing of 51103 
Table 1 Life test conditions 
Fig.5 Failure characteristic of bearing component 
         at atmospheric 200 degrees 
Fig.4 Life judgment of the rolling ball bearing 
Fig.3 Life test apparatus for the high-temperature range 
i) flaking of bearing race ii) flaking of rolling element
iii) abrasion of bearing race iv) failure of retainer
Rotating shaft
Specimen
Furnace
Loading Shaft
Cage
Bearing  race
Rolling  element
(SUS440)
(Si3N4, SUS440C)
The load shaft
The rotating shaft  
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Fig.6 Failure mode of the component in the rolling ball bearings 
Fig.7 Staircase chart for steel bearings(SUJ-2) 
          at atmospheric 200 degrees 
: flaking of the rolling element : flaking of the bearing race  : abrasion of the retainer : abrasion of the bearing race  
8.0%
92%
i) SUJ-2 ii) SUS440C iii) Si  N   /SUS440C43
21%
21% 7%
50% 29%
21%
50%
Number of load cycles N=10 6
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Mean life load  
Standard deviation    
95 % confidence limits 
for
Expected level for
90 % life load
 F50
   F10
Lower
Upper
1.898
Materials Si3N4 /SUS440C
 
Unit :  kN
SUS440C
/SUS440C 
1.777 2.118
SUJ-2
/ SUJ-2
 F50 2.289
0.305
2.100
2.478
2.100
0.252
1.987
2.213
2.359
0.189
2.263
2.455{
No. Thrust load (N) 
Number 
of cycles 
1
2
3
4
5
6
7
8
66
66
59
59
52
52
45
45
39.12×10
48.02
59.00
46.12
65.26
79.22
97.64
81.04
4
Fig.8 Staircase chart for stainless bearings(SUS440C) at 
      atmospheric 200 degrees 
Fig.9 Staircase chart for ceramic bearings(Si3N4/SUS440C)
     at atmospheric 200 degrees 
Table 2 The basic load rating at atmospheric 200 degrees 
Fig. 10 SN curve (a high load portion) of the wear life by the 
14-SN test method 
Results of 14S-N testing method
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Fig. 11 Staircase chart for ceramic bearings(Si3N4/SUS440C)
      in unlubricating at atmospheric 200 degrees 
Fig. 12 Staircase chart for stainless bearings(SUS440C)
      in unlubricating at atmospheric 200 degrees 
Table 3 The basic load rating in unlubricating 
           at atmospheric 200 degrees 
      
Mean life load  
Standard deviation    
95 % confidence limits 
for
Expected level for
90 % life load
 F50
   F10
Lower
Upper
28.8
Materials Si3N4 /SUS440C
 
Unit : N
SUS440C
/SUS440C 
17.2
 F50 33.0
3.0
30.7
35.3
22.5
4.1
19.1
26.0{
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